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Description 

V. present inv.n.,on is 

Various attempts have baan ™ 4 '»^7™SiSll.« a semi-permeable membrane 

(nylon) membranes These microcapsules ^JJJ m j cr0 capsules containing microbial cells and 

Papers have described the preparation of sem '-P e / m ® 8D ' e rhpm ccand 20 1966 2807 to 2812 and 
vFa P b.e red blood cells, namely ^^ h -^^,^!E SS^^ES". Can. J. 
T. M. S. Chang. F. C. Ma^ntosh and S. . G. Ma.or ^ Sem. perm q ^ ^ ^ first ^ 

ge ,s for the 

conditions, thus m^>ningth«r ^^^eSSeLo and C. Bucke, "The Immobilization of 

m Calcium A.ginate Gels". Biotechnology and 

vivo blocompatibilltv rf*. P^'XeoS ^cSK^^^ ^>><* •"""<"*'" F ' Um 
due to the poor biocompatibility of the outer polyethylene.mine membrane 

<s instead of polyethylene™,™, as IN ™^ b '*^ r e?es to ce I s'lwa f. Cell growth on Ih. surface of the 
eapsula,^.,, «, ..„ >™Pe™»»|^ b ^^*l^S33^"^.m.mb™™-. 

eSS,^^^^^^ 

polylyslne and an overcoat of polyethylen.lmine also is referred to in GB-A-2.094.833 and 
. ZS£rtt%Z£X^JS»& «25»£ .Sit* a q u.ous polylysine bo, does 



3 



EP 0127 713 B1 

not soecifv the reaction time. In the absence of instruction to the contrary, it is reasonable to assume that 
saW Son Vmels consistent with that usually employed by Franklin Lim (. e.. 2 or 3 minutes) In 
094 750, 0.005% aqueous polylysine is used for three minutes. Urn and Sun reported in Science 
210 (1980), 908—909 the use of 0.02% polylysine for three to five minutes. 

s t Is apparent therefore, that there is a need for the development of microcapsules which can be 
implanted into an animal body and be effective in the treatment of d,seases requ.nng organ 
transDlantation. such as, diabetes, for extended periods of time. 

In Lcordance with tine present invention, there is provided a biocompatible microcapsule suitable for 
ImDlantetton Into % n animal body and having a diameter of 50 to 2000 micrometers said microcapsule 

» comprising a spherical macromolecular core containing living tissue or individual cells thereof, said core 
beSr S u?rLnded by a biocompatible semi-permeable membrane consisting of mterpenetra ing layers of 
ScaSJ merarted biocompatible polyamino acid and a reversible Reliable water-soluble polymeric 
Stance having free acid groups and being permeable to and permitting nutnen s and oxygen to flow 
from a body in which the microcapsule is Implanted to the said living f^.^^^ *^ a "J 

IS permitting metabolic products of said tissue or cells to flow therefrom to said body and be.ng impermeable 
to sTid tissue or cells, characterised in that the membrane has a thickness of 5 to 20 micrometers, is in the 
for^ of a hyd%gel having an overall water content within the membrane struc ure of at least 20 weight 
perant. has an outer biocompatible negatively-charged surface formed by .on.c reaction of free ammo 
JrouS of slid polyamino acid with a polymeric material having free negatively charged groups, and resists 

,o degradation and remains permeable in vivo for at least two months. 

The Invention also provides a method of encapsulating a core material with a semipermeable 
membrane to form microcapsules having a diameter of 50 to 2000 micrometers, ^."^^9™"* 
Se steps of (a) placing the material in an aqueous solution of water-soluble polymenc substance hat can 
be reversibly gelled and which has free acid groups; (b) forming the solution into droplets; (c) gelling the 

a 5?op7eS ^ 

about the temporary capsules by contact between the temporary capsules and a cationic polymer 
wrtaining free amino groups to cause ionic reaction with the acid groups in a surface layer of the capsu e 
Sd (S SJntacting the microcapsules formed in step (d) with a biocompatible anionic polymer material 
which contains free negatively-charged groups capable of ionic reaction with the free ammo groups m a 

30 Sace layer of the microcapsule, characterised in that said anionic polymer forms on the m.crocapsules 

30 aTouSr coating having a negatively-charged outer surface and in that the membrane is i ' hydrogel having 
an overall water content within the membrane structure of at least 20 weight percent and the contact with 
the cationic polymer is sufficient to form a membrane which has a thickness of 5 to 20,m.crometers and 
resists degradation and remains permeable in vivo for at least two months. 

* In the present invention, the core material is encapsulated in a b.ocompatible semi-permeable 
membrane in the form of a hydrogel. The material to be encapsulated is suspended in a phys.olog.cally- 
wrnpatibie medium containing a water soluble substance which can be reversibly ge l ed to provide a 
temporari protective environment for the tissue. The medium is formed into droplets contam.ng the tissue 
and gelled; for example, by changing conditions of temperature, P H or .on.c environment, to form 

<o temporary capsules of substantially perfect spherical shape so as to provide an overa I improved physical 
strength when compared with microcapsules formed from non-spherical capsules. Thereafter he 
temporary capsules which result are treated to form a membrane of controlled permeability about the 
shape-retaining temporary capsules. The semi-permeable nature of the membrane permits nutrients and 
oxygen to flow to the core material and metabolic products to flow therefrom while retaining the core 

« material within the microcapsule. The biocompatible nature of the semi-permeable membrane allows the 
passage of such materials to and from the core to occur without inflammation or other adverse body 
response while the outer negatively-charged surface inhibits surficial cell growth, so that the membrane 
remains semi-permeable and effective for extended periods of time, typically from three to six months or 

so '° n9 The temporary capsules may be formed from any non-toxic water-soluble substance that can be gelled 
to form a shape retaining mass by a change of conditions in the medium in which it is placed, and also 
comprises plural groups that are readily ionized to form anionic or cationic groups. The presence of such 
groups enables surface layers of the capsule to cross-link to produce a permanent membrane when 
exposed to polymers containing multiple functionalities of the opposite charge. 

55 Preferably the temporary capsules are formed from a polysaccharide gum, which may be natural or 

• synthetic, of a type that can be gelled to form a shape retaining mass by exposure to a change in conditions 
and can be permanently cross-linked or hardened by polymers containing reactive groups, such as amino 
groups, which can react with the acidic polysaccharide constituents. Most preferably, the gum is alkali 
metal alginate, specifically sodium alginate, although other water-soluble gums may be used. 

60 The temporary capsules may be formed from sodium alginate by extruding droplets of aqueous 
sodium alginate solution into an aqueous calcium chloride solution. It has been found that substantially 
perfectly spherical temporary capsules can be formed by using an aqueous sodium alginate solution 
having a viscosity of at least 30 mPa.s. At viscosities below this critical lower limit, the temporary capsules 
have an irregular shape. Perfectly spherical capsules are obtained over a wide range of viscosity of the 

65 sodium alginate solution, with an upper limit being dictated largely by the ability to extrude the solution 
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into the hardening medium. Usually, the viscosity of the aqueous sodium alginate solution does not exceed 

1 ^rSTmrton of the permanent semi-permeable membrane about the temporary capsules is effected by 
ionic rSon between free acid groups in the surface layer of the gel ed W^™™*™* ° f * 
biocompatible polyamino acid, typically in a dilute aqueous solution of the selected polymer- 

Cross-linking biocompatible polymers used are polylysine and other polyarn.no acids. I is noted tha 
polveSneimine and other imine-containing polymers are unsuitable for membrane format.on in view of 
thefnon-Ciocompatible nature. The molecular weight of the polyam.no polymer may va^ widely, 
depending on the degree of permeability required, and typically .s in the range of 11,000 to 400,000, 
oreferably 1 1,000 to 100.000. The use of polylysine or other polyamino acd results in m.crocapsules havmg 
a pSLVXrged surface, which, as already noted, would be unsuitable for long term viabil.ty, although 

thB Sand wKh b ihrp7e P S ent invention, the semi-permeab.e membrane is treated with a non-toxic 
biocompatible water-soluble polymeric material which is capable of ionic reaction with free ammo groups 
to form an outer negativelf-charged coating about the membrane, typ.cally by suspens.on of the 
microcapsules in an aqueous solution of the polymeric material The mater.al used to form he outer 
S„ preferably is the same material as is used to form the temporary capsules preferably a 
oolvsaccrTride gum, more preferably an alkali metal alginate, such as sodium alginate Other 
WocrmpatibTe polymeric materials containing base-reactive groups, such as polyvinyl alcohol, polylactic 
add po W glycolic-lactic acid copolymers and poly beta-hydroxy butyric acd, may be used to form the 
outt coating to the microcapsules. Molecular weights of such polymeric materials typ.cally vary from 1 0* 

t0 1 The treatment of the. polyamino microcapsules with the biocompatible base-reactive material retains 
the overaHbiTimpatible nature of the semi-permeable membrane and, more importantly, resuh .ma 
negatively-charged outer surface which inhibits cell growth and, therefore, pernmts the sem.-permeable 
membrane to retain its permeability and hence effectiveness over an extended period of time. 

Following formation of the microcapsules, reliquificatlon of the suspending med.um for the core 
material may be effected by re-establishing the conditions under which the material .s liquid. .This, may be 
Sieved by ion exchange to remove multivalent cation, for example, by .mmers.on in phosphate buffered 

30 ^'Te^ce^ 

individual cells, for example, islets of Langerhans, liver cells and red blood eel s The m.crocapsules wheh 
result may be implanted into an appropriate site within a mammalian body forthe purpose of provid ng \be 
body with the specialized physiological function of the tissue while the t.ssue remains viable. The 
implantation may be achieved by simple injection, so that surgical procedures are not required. 

The biocompatible semi-permeable membrane encapsulating the core ma anal cons.sts of inta - 
penetrating layers of ionically-interacted biocompatible materials. The overall wall th.ckness of the semi- 
Sermeable membrane varies from 5 to 20 urn. The microcapsules themselves usually have a diameter in 
fee range of 50 to 2000 urn, preferably in the range of 200 to 1 000 urn for m.crocapsules containing islets of 
Langerhans as the core material. The biocompatible semi-permeable membrane .s intheformrfa 
hydrogel and hence has an overall water content within the membrane structure of at least 20 weight 
percent, which may vary up to 90 weight percent in the surface region. 

The materials which are used to form the biocompatible sem.-permeable membrane are bio- 
degradable by the body into which the microcapsules are implanted. Such b.odegradat.on takes place over 
*e active life of the microcapsules and is responsible for the ultimate fa. ure of the m.crocapsules The 
Sodegradation is a very slow process, as is evidenced by observed effecttveness of the control of blood 
sugar in rats by microencapsulated islets of Langerhans of at least three months and, m some cases, as 

'"^ira^rticuTarly preferred embodiment of the invention, living cells are microencapsulated within a 
polylysine-alginate semi-permeable hydrogel by suspending ceHs uniform y ,n a *f*™J%M'^™ 
in physiological saline. Where the microcapsules are to be used forthe treatment of diabetes by controUing 
Wood sugar in animals, including humans, the living cells take the form of islets of Langerhans from an 

"TpBe^roplets containing the cells are produced from an aqueous sodium alginate solution by a 
« droplet generator, such as, syringe pump extrusion or electrostatic extrusion, and are collected as gelled 
* spheres in a hardening solution, such as, calcium chloride. The m.crocapsules then are coatee I with 
polylysine followed by an outer coating of sodium alginate. The m.crocapsules may then be suspendac hn 
isotonic sodium citrate or other convenient ion exchange medium to rel.qu.fy the alg.nate gel .ns.de the 

m.wocapsule. bu% biocompatib ,e alginate surface is a negatively-charged hydrogel 

containing up to 90 percent water. The low interfacial tension between the swollen gel surface and the 
aqueous ^biological environment minimizes protein interaction, otherwise afo"9P'<»tei^ 
interaction may cause a severe inflammatory response. The biocompat.b.l.ty of the hydrogel membrane 
leads to long term viability of the capsules when implanted. Polyethylene.m.ne-surfaced microcapsules do 
es not appear to possess this property and hence are rejected by the body and produce a strong inflammatory 
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resDonse which severely limits the useful life of the microcapsules within the body. The soft rubbery 
consScy^of most hydrogels may also contribute to their biocompat.b.l.ty by decreasing fncfonal 

, ^T£SS^lS™cv«.'- «» increased furth6r bY --e-ing the thickness of the 
5 Dolvlvsine membrane, as compared with the thickness of the polylys.ne-polyethylene.m.ne membrane 
Csed^n US^A^Ssa. The strength of the microcapsules also may be .ncreased by cross-l.nk.ng, for 

algina"te.bu Si essential that the outer surface be biocompatible and negatively-charged. Binding occurs 
10 bSeen the negatively-charged groups, usually hydroxy! or carboxyl groups, and the posrUvely-charged 

8m,n TiJ?eme5blCl y S! microcapsule to nutrients and metabolic products may be varied by varying the 
ttJZSSStS£» poiyiysine used in forming the semi-permeable membrane. UsuaNy. the mo ecu ler 
weth! t 3 ?SS ^poi;iysine P varies from 11,000 to 400,000, preferably 11,000 to 100,000. Higher molecular 
is weights lead to greater permeability than lower molecular weights. 
The invention is illustrated by the following Examples: 

Example 1 

This Example Illustrates the microencapsulation of islets of Langerhans. . ,„,,„, 

20 Cultured ret islets of Langerhans (2 x 10' islets in 0.2 ml medium) were suspended "n.forrnfy m 2^ ml of 
1 5% (w/w) sodium alginate solution (viscosity 51 mPa.s) in physiological saline Spher cal droplets 
conYaS islets were produced by syringe pump extrusion through a 0.56 mm (22-gi «nd 
collected in 1.5% (w/w) calcium chloride solution. The supernatant was decanted and the gelled spherical 
alginate droplets, containing islets, were washed with dilute CHES <2-cyclohexylam,no-ethane sulfonic 
2S acid) solution and 1.1% calcium chloride solution. «.,--»• nnc « 

After aspirating off the supernatant, the gelled droplets were incubated for exactly 6 minutes in 0.05% 
(w/w) poiyiysine having a molecular weight of 25,000. (These conditions are a significant increase in 
Eation time and poiyiysine concentration compared to previous procedures, wherein, m 
US_A-^ 352 883. Urn used 1 0.013% poiyiysine and 3 minutes incubation t.me, and, .n their reported work, 
30 Urn and Sun used 0.02% poiyiysine and 3 to 5 minutes incubation time. These changes result in a stronger 

P0,Y Th^^pema^anTwas decanted and the poiyiysine capsules were washed with dilute CHES 1 1.1% 
calcium chloride solution and physiological saline. The washed poiyiysine capsules wefe 'nc^^for 4 
minutes in 30 ml of 0.03% sodium alginate to permit the formabon of an outer algmate membrane on the 
35 initial poiyiysine membrane, by ionic interaction between the negatrvely charged alginate and the 

P °^SZ^X^es were washed with saline, 0.05M citrate buffer for B minutesto reliquify the 
inner calcium alginate, and a final saline wash. The microcapsules were found to be perfectly sphencal and 
each ^contain from 1 to 2 viable islets. The microcapsules had diameters varying frorr , 200 J J00 urn and 
40 wall thicknesses varying from 5 to 10 urn. The microcapsules were suspended in nutrient med.um at 37 C 
AO w, ™^ per|ment y w ^ 8 re p e ated with islet cells from mouse, bovine and dog pancreas and similar 
microencapsulated products were formed. 

Example 2 

45 This Example illustrates the viability of the microencapsulated islets. 

In perifusion experiments, the insulin secretion from the microencapsulated rat islets produced in 
accordance with the procedure of Example 1 was determined to be comparable with that from 
unencapsulated islets. When the glucose concentration was raised from 50 to 300 mg. there was a biphasic 
response of insulin release from both groups of islets and the insulin secretion increased. 

so The increase in the quantity of insulin in the presence of a high glucose concentration clearly 
demonstrated that the viability and functionality of the cells were retained throughout the process of . 
microencapsulation. . 

After 2 months in culture at 37°C, the microencapsulated islets were observed to have remained 
morphologically and functionally intact. 

55 

Example 3 

This Example illustrates the injection of microencapsulated islets into diabetic rats. 

Diabetic rats with blood glucose levels in the range of 370 to 470 mg/dl were treated with 
approximately 3 x 10 s rat islets microencapsulated as set forth in Example 1. The microcapsules were 
«• introduced by injection into the peritoneal cavity using a 0.41 mm (16-gauge) needle fitted into a syringe. 

Unencapsulated islets and islets microencapsulated in a polylysine-polyethyleneimine membrane, 
produced as described in US— A— 4,352.883 (Urn), were used as controls. Blood glucose levels were 
assayed twice per week to determine the period of time for which the blood glucose level was lowered. The 
results obtained are set forth in the following Table I: 

65 
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TABLE I 



. , . Number of Weeks Blood 
Membrane Glucose Level Lowered 
» Type . . 

■ ' \ (N = 4) 

None 

Polylysine polyethyleneimine (Lim Patent) 2 to 3 (N 8 

10 f v 13 to 52 (N = 10) 
Polylysine alginate (Present invention) , 
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x incite «f Tahie I the islets enclosed in the biocompatible polylysine alginate 

As can be seen from the results of Table I, tne isieis enuu normal blood sugar levels in 

of the Lim Patent showed survival times of less than 3 weeks. 



Example 4 
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This Examp.e shows the effect of (blood 
The procedure of Example a ■ ^S^^wSS^^^ alginate microencapsulated 

Example 5 . . . 

This Examp.e il.ustrates the injection of "J^SfgJ %£ I^SStlSTrnt islets) and 

injection (I.P.) indicating that xenograft transplants (cross-speces) are poss.ble. 

Example 6 . 

This Example i.lustrates the viabi.ity * ££p,. 3 at 3, 5 
Microencapsulated islets were recovered tomi^**»*^^ m physically intact and 

^^^^^ 

in culture in response to a high glucose concentration. 

Example 7 

This Example illustrates the mlcroeneaprolrto^ of ^ "J 1 ^ employed in place of islets. An 

The procedure of Example 1 w " "P^.^^^'^ump extruder toproduoe smaller 
electrostatic droplet generator was employed ,n .place ^of the JJJJB^, ^ cetls w( T re obt ained. as 
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Example 8 
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Example a . 
This Example illustrates the use of polyvinyl alcohol « , the .external ^„ rf Jy^JSS in 

membrane. hi«r rt mnatihi« water-soluble polymer and has been used in many 

Polyvinyl alcohol is known to be- a biocompatible water soiuo.e y vesse | s and hence the 

UJ dSetic animals to the microcapsules produced by the procedure of Example 1. 



Example 9 , ^ 

This Example i.lustrates the use of poly.actic T^ll^t in 
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hydrochloric acid. The ongoing viability of the Islets in the microcapsules so produced was demonstrated 
3 Ttrvpa^bTue staining Polylactic acid is a biocompatible polymer that Is currently in d.nical use as 
Sure material It is expected! therefore, that the microcapsules produced in this Example will exh b.t 
slmlrSd sugar decreasing capability in diabetic animals to the microcapsules produced by the 
procedure of Example 1. ^ yQ 

This Example illustrates the preparation of spherical calcium alginate droplets. 

Sodium alginate solutions of varying concentrations (and hence v.scos.t.es) were extruded w.th a 
syringe pump through a 0.56 mm (22 gauge) needle into a 1.5% (w/w) calcium chloride hardening solut.on 
32 the resulting gel droplets were collected and their physical shape observed. The results are reproduced 
in the following Table II: 
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AO 



AS 



SO 



Sodium Alginate 
% (w/w) 


TABLE II 

Viscosity 
(mPa.sj 


Fractions of Droplets 
which are Spherical 
(%) 


1.5 


51 


100 


1.4 


43 


100 


1.3 


.36 


100 


1.2 


30 


100 


1.1 


25 


25 


1.0 


20 


0 


0.9 


16 


0 


0.7 


11 


0 


0.3 


4 


0 



While in all instances, the droplets could be broadly described as "spheroidal", it will be apparent from 
Table I that it is only at concentrations of sodium alginate solution of 1.2% w/w and above. I.e., viscosrt.es 
of 30 mPa.s and above, that perfect spheres are formed. 

Example 11 

This Example illustrates variation of the microcapsule permeability. 

The procedures of Examples 1, 8 and 9 were repeated, except that the molecular weight of the 
polylysine was varied, with microcapsules being produced from polylys.ne of molecular weight from 
11 000 up to 400,000. The permeability of the resulting microcapsules was determined by the diffusion of 
serum albumin or 12S l.lg G (antibody) into and out of the microcapsules. 

Twas found that the use of the 400,000 molecular weight polylysine increased the permeab.l.ty of tfie 
microcapsules while the use of the 11,000 molecular weight polylysine decreased the permeability of the 

mC clKlprepared using 0.075 wt% of mixed molecular weight polylysine in the process of Example 1, 
comprising 10 mg polylysine of 25,000 molecular weight of 5 mg of polylys.ne of 4,000 molecular weight 
were found to be less permeable to lysed red blood cells, when compared to capsules prepared wrth 0.075 
wt% of polylysine of 25,000 molecular weight .... 

It was further found that the microcapsules having a polylactic acid outer coating had a greater 
55 permeability than the alginate and polyvinyl alcohol coated microcapsules at the same polylys.ne 

m0l The a procedu t re of Example 1 was again repeated, except that the concentration of polylysine was 
doubled to 0.1% w/w and the contact time was doubled to 12 minutes, thereby mcreasmg the thickness of 
the polylysine layer from about 5 urn to about 20 urn. The resulting microcapsules exh.b.t decreased 
60 permeability when compared to those produced in Example 1. 

Example 12 

This Example illustrates increasing the strength of the microcapsules. 

The procedure of Examples 1, 8 and 9 were repeated, except that the microcapsules were placed in 
es contact with 0.01 % w/w glutaraldehyde for less than 60 seconds, just after the polylys.ne coating step or 
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iust before the citrate washing step. The microcapsules which result are more difficult to break physically 
(using fine tweezers) and also are more difficult to dissociate in a hepann solution, when compared with 

— llw*l*nM matorial 



uncross-l inked material. 
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1 . Ab iocompatib,emi C rocapsu,esu^ 
of 50 to 2000 "i™^^ by a biocompatible semi-permeable 

living tissue or Ely interacted biocompatible polyamino acid and a 

membrane consistmg of inte rpe netratrng !^ « ion. cany ^ meable to and 

reversibly gellable water-soluble ^'^"""^S il wWch 5ie microcapsule is implanted to the said 
permitting nutrients and oxygen to flow fr jm bo J in i wniav 1 v ^ e ^ ^ ^ flQw 

Kving tissue or individual cells that the membrane 

therefrom to said body and being 'nipermeable to sa.d t»JuB or xe 

has a thickness of 5 to 20 micrometers is in the form °* ■ ^"S 8 ^ biocompatible negatively^charged 
the membrane structure of at ^ » wjjght ^^^g^S,, aci/with a poWmeric materia. 

^vl*^ 

tW0 2 m °A microcapsule as claimed in Claim i. wherein the core materia, is selected from islets of 
eSetr^ 

^At^Snrffini! of the preceding claims, wherein said reversib.y ge.lab.e 

water-soluble polymeric ^ M Jf n a ^*f^^ said polysaccharide is an alginate. 

I rm'SSsl P-ding Cairns, wherein said oo,yamino acid is 

^Trmlcrocapsule as claimed in any one of said Cairns wherein said negatively charged polymeric 

materia, is a P^-tCed^ is an alginate. 

8. A microcapsule as claimed c ' a ™ microcapsules . 

9. A method of encapsulating a core material w ^ a semi P e ™ f ( , , , th materia | 
having a diameter of 50 to 2000 ^r^^^ n & reversely gelled and which has 
in an aqueous solution of water-soluble P^^^^ £ ^e droplets to produce discrete shape- 
free acid groups; (b) forming the s olution ' "^.S^S^.^S^^bout ^temporary capsules by 
retaining temporary capsules; <d) forming semi P^ e f D ' e Q m mer containi ng free amino groups to cause 
contact between the temporary capsules and a cation ic • P°'Yr" (e ) contacting the microcapsules 
ionic reaction with the acid groups ma Stains freenegative.y-charged 
formed in step (d) with a >»X^X^1n^g^ " a surface layer of the microcapsu.e, 
groups capable of jon.c reaction "'th the fr ee sm mo g ? gn outer coat{ having a 
characterised in that said anionic polymer ^ forms m °^ ^ e ™^ ydr0 P , having art overall water content 
negatively-charged '^^J^S^^^S^^ contact with the cationic polymer is 

3c^^^ 5 » 20 micrometers and resists degradat,on an 

^?£^~^*^TJ£T*. core -teria. comprises .Wing tissue or individual 
cel^e^nely dividec ' «-PS-- 5^.3; SSTSSsTSS 'S^SiJS *« of Langerhans, 
50 wheleV*^ 

ani T2 *t^^^lZ^%^ * » «. Wherei " ^ reVerSib,V 9e " able Water - S0,Ub ' e 
^S.a"^ 

to 100,000 daltons. naim . q t 15 wner ein said cationic polymer is polylysine. 

material comprises a polysaccharide gum containing free acd groups. 
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18. A method as claimed in Claim 17, wherein said polysaccharide gum is sodium alginate. 

19. A method as claimed in any one of Claims 9 to 16, wherein said biocompatible anionic polymeric 
material is a polyvinyl alcohol having free hydroxyl groups or a polylactic acid containing free acid groups. 

20. A method as claimed in any one of Claims 9 to 18, wherein said reversibly gellable water-soluble 
s substance comprises sodium alginate, said cationic polymer comprising polylysine and said anionic 

polymer comprises sodium alginate. 

21. A method as claimed in any one of Claims 9 to 18 and 20, wherein said reversibly gellable water- 
soluble substance is sodium alginate and the viscosity of the aqueous solution of sodium alginate used in 
step (a) Is at least sufficient to result in the formation of substantially spherical temporary capsules. 

to 22. A method as claimed in Claim 21 , wherein said aqueous sodium alginate solution has a viscosity of 
at least 30 mPa.s. 

23. A method as claimed in any one of Claims 9 to 22, including the further step of reliquifying the gel 
within the semi-permeable membrane following step (e). 

is Patentanspruche 

1 Biologisch vertragliche Mikrokapsel, geeignet zum Implantieren in einen Tierkorper, mit einem 
Durchmesser von 50 bis 2000 Micrometer (um>, wobei die Mikrokapsel einen sphanschen makromoleku- 
laren Kern aufweist, der lebendes Gewebe oder einzelne Zellen enthalt und der Kern von e.ner biologisch 
vertraglichen semipermeablen Membran umgeben ist, die aus durchdrungenen Schichten aus einer 
ionisch zusammenwirkenden, biologisch vertraglichen Polyaminosaure, und emer reversibel gel.erenden 
wasserloslichen poiymeren Substanz mit freien Sauregruppen besteht, wobei die polymere Substanz 
durchlassig fOr Nahrstoffe und Sauerstoff ist, die von dem Korper, in den die Mikrokapsel 'mplantiert ist, in 
das lebende Gewebe Oder die einzelnen Zellen einflieften und durchlassig fur metabohsche Produkte des 
Gewebes oder der Zellen ist, die wieder zurGck in den Korper flieften und undurchlassig fur das Gewebe 
oder die Zellen ist, dadurch gekennzeichnet, daft die Membran eine Dicke von 5 bis 20 Micrometer (urn) 
aufweist die Form eines Hydrogels aufweist, mit einem Gesamtwasservolumen mnerhalb der Membran- 
struktur von mindestens 20 Gew.-%, daft die Membran eine auftere biologisch vertragliche negativ 
oeladene Oberflache aufweist, die gebildet wird durch eine ionische Reaktion von freien Aminogruppen 
der Polyaminosaure, mit einer poiymeren Substanz, die freie negativ geladene Gruppen aufweist und 
einem Abbau widersteht und im lebenden Korper fur wenigstens zwei Monate durchlassig bleibt 

Z Mikrokapsel nach Anspruch 1, dadurch gekennzeichnet daft das Kernmatenal aus Langer- 
hans'schen Inseln, Lebergewebe oder individuellen Zellen ausgewahlt ist „ 

3 Mikrokapsel nach Anspruch 2, dadurch gekennzeichnet, daft das lebende Gewebe aus Langer- 
hans'schen Inseln oder Fraktionen davon besteht, wodurch Insulin aus der Mikrokapsel ausflieftt und die 
semipermeable Membran uber wenigstens drei Monate nach der Implantation der Mikrokapsel wirksam 
ist und den Blutzuckerspiegel in dem die Mikrokapsel beinhaltenden Korper steuert 

4. Mikrokapsel nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daft die rever- 
sibel gelierende wasserlosliche polymere Substanz ein Polysaccharid ist 

5 Mikrokapsel nach Anspruch 4, dadurch gekennzeichnet, daft das Polysaccharid em Alginat ist 
6. Mikrokapsel nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daft die 

Polyaminosaure ein Polyiysin ist - ^ * -» r> j. 

7 Mikrokapsel nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daft die negativ 
geladene polymere Substanz ein Polysaccharid, Polyvinylalkohol oder eine Polymilchsaure ist 

8 Mikrokapsel nach Anspruch 7, dadurch gekennzeichnet, daft das Polysaccharid ein Alginat ist 

9 Verfahren zum Einkapseln von Kernmatenal in eine semipermeable Membran zur Herstellung von 
Mikrokapseln mit einem Durchmesser von 50 bis 2000 Micrometer (urn), wobei das Verfahren folgende 

Schritte umfaftt: . . o u ♦ 

(a) Einbringen des Materials in eine wassrige Losung einer wasserloslichen poiymeren Substanz, die 
so reversibel gelierbar ist und die freie Sauregruppen aufweist; 

(b) Formen der Losung zu Tropfchen; 9 

(c) Gelieren der Tropfchen zum Herstellen von diskreten formbestandigen, vorlaufigen Kapseln; 

(d) Formen von semipermeablen Membranen un die vorlaufigen Kapseln durch Kontaktieren der vor- 
laufigen Kapseln mit einem kationischen, freie Aminogruppen enthartenden Polymer, urn in einer Ober- 
flachenschicht der Kapsel eine ionische Reaktion mit den Sauregruppen zu verursachen; und 

(e) Kontaktieren der gemaft dem Verfahrensschritt (d) hergestellten Mikrokapseln mit einer biologisch 
vertraglichen anionischen poiymeren Substanz, welche freie negativ geladene Gruppen enthalt, die die 
Fahigkeit einer ionischen Reaktion mit den freien Aminogruppen in einer Oberflachenschicht der Mikro- 
kapsel besitzen, dadurch gekennzeichnet daft . 

das anionische Polymer auf den Mikrokapseln einen aufteren Uberzug bildet, welcher eine negativ 
geladene Auftenoberflache aufweist, und daft die Membran ein Hydrogel ist, das einen Gesamtwasseran- 
teil mnerhalb der Membranstruktur von mindestens 20 Gew.-% aufweist, und daft der Kontakt mit dem 
kationischen Polymer ausreicht, eine Membran zu bilden, die eine Dicke von 5 bis 20 Micrometer (urn) 
besitzt und einem Abbau widersteht und im lebenden Korper wenigstens zwei Monate durchlassig bleibt 
10. Verfahren nach Anspruch 9, dadurch gekennzeichnet daft das Kernmaterial lebendes Gewebe oder 
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einzelne Zellen enthSlt. die in der wissrlgen Losung des Verfahrensschritts (a) tain verteilt suspendiert 

Sind il. Verfahren nach Anspruch 10, dadurch gekennzeichnet, dad das lebende Gewebe ^rt>«£»*» 
Insem enthalt, wodurch die gemifi diesem Verfahren hergestellte M.krokapseln dafur verwendet werden 
KenTn B^ckerspiegel Innerhalb des Korpers eines zuckerkranken Tieres, m den s.e implantiert 

W ° rd 12 n Sah^ch einem der AnsprOche 9 bis 11. dadurch gekennzeichnet, daB die reversibe. 
aelierende wasserlosliche polymere Substanz ein polysaccharider Gummi oder Harz tst. 
9 i! Verfahren nach Anspruch 12, dadurch gekennzeichnet, daB der Gumm. oder das Harz em Alkali- 

metallalgjnaHst n ^ ^ ^ Ansprtche 9 bls 13 , dadurcn gekennzeichnet, daB das kationische 

P0, Ts e v^ 

9 bis 15. dadurch gekennzeichnet. da* das kationische 

^'Ty^e'rfah^nnthSnern der AnsprQche 9 bis 16, dadurch gekennzeichnet. d ? B die biologisch vertrag- 
liche anionische po |ymere Substanz einen polysacchariden Gummi mit fre.en Sauregruppen enthalt 
ll Verfahren na™h Anspruch 17, dadurch gekennzeichnet, daB der polysacchar.de Gumm. e.n 

Natr ^Verfahre?nach einem der AnsprQche 9 bis 16, dadurch gekennzeichnet, daB die biologisch i vertrag- 
liche anionische polymere Substanz ein Polyvinylalkohol ist, derfreie Hydroxylgruppen oder erne Poly- 

""t^n?.^ bis 1* dadurch gekennzeichnet daB die reversibe. ge.ier- 

bare wasserlosliche Substanz Natriumalginat. das kationische Polymer Polylysm und das amomsche 

POlY 2i e 'vffiTnfflSfiir AnsprOche 9 bis 18 und 20, dadurch gekennzeichnet. daB die reversibe. 
gelierbare waslerlosliche Substanz Natriumalginat ist und die Viskositat der wassngen Losung , des 
Natriuma!ginats. welche im Verfahrensschritt (a) verwendet wird. wen.gstens dafur ausre.cht, d.e B.ldung 
von im wesentlichen spharischen vorl§ufigen Kapseln zu bew.rken. ,..,-,„ d! „„ 

22. Verfahren nach Anspruch 21, dadurch gekennzeichnet, daB die wassnge natnumalgmatlosung e.ne 
Viskositat von wenigstens 30 m Pa. s a ufweist. ... * „ Qr><? 

23. Verfehren nach einem der AnsprQche 9 bis 22. gekennzeichnet durch emen we.tere Li£SK 
schritt,daBdas innerhalb der semipermeablen Membran sich befindende Gel nach Verfahrensschntt <e) 

35 wieder verflussigt wird. 
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1 Une microcapsule biocompatible convenant pour I'im plantation dans un corps f n'>nal <rt ayarrt : un 
diametre da 50 a 2000 micrometres, cette microcapsule comprenant un noyau macromolecula.re spher.que 
Sntenan f un tissu vS ou des cellules individuelles de celui-ci, ledit noyau 6tant entoure par un 
meSne semiTermiable biocompatible consistant en couches s'interpenetrant d'un polyam.no-ac.de 
wn^m^ible^t d'uTe substance polymere hydrosoluble gelifiable de facon reversible et ayant des groups 
MS^^^SSS^^m^^ P°'vn^re ayant reagi run avec .'autre ioniquement. et 
^^SS^tStSStaBtmiablB aux substances nutritives et a I'oxygene et permettant a ceux-c. de 
5touE?d?J«S dana^ud la microcapsule est implantee vers ledit tissu vlvant ou les ; cellules 
fndivJduelles de cTlui ci et permettant aux produits metaboliques dudit tissu ou desdrtes cellules de 
ledk corps et etant impermeable audit tissu ou auxdrtes pilules c^ract^nsee en 
ce oue la membrane a une epaisseur de 5 a 20 micrometres, est sous forme d'un hydrogel ayant une teneur 
so totale en e?u a Hntlrleur de'.a structure de la membrane d'au moins 20% en pouJs. a U ne surface , externa 
biocompatible chargee negativement, formee par react.on lon.que de groupes ammo lib rea . dudit 
p^mKclde avec un mitiere polymere ayant des groupes libres charges negafvement, et res.ste a la 
degradation et demeure permeable in vivo pendant au moms deux mo.s. . nfWflU 

9 2. Une microcapsule telle que revendiquee dans la revendication 1 dans aqueHe la ™^re du noyau 
ss est choisie parmi les ilots de Langerhans. le tissu hepatique ou des cellules md.v.duelles de ceux-c.. 

752 microcapsule telle que revendiquee dans la revendication 2, dans laquelle le t.ssu v.vant est les 
ilots de Lang^rhans ou une fraction de ces Ilots, ce qui fait que de I'insuline s'ecou e de la ni.crowpsule et 
adHe membrane semi-permeable demeure efficace pendant au moins tro.s mo.s lorsquon implante ^la 
mfcrocTpe pour ^gler les niveaux de sucre dans le sang, dans le corps dans lequel la microcapsule est 

». implant^ revendiquee dans I'une quelconque des ^^ tions ^ 6c ti^' 

dans aqCe»? adite matiere polymere hydrosoluble gelifiable de aeon revers.ble est un Po^crih."--- 
5. Une microcapsule telle que revendiquee dans la revendication 4, dans laquelle ledit polysacchar.de 

« "e" ^microcapsule telle que revendiquee dans I'une quelconque des revendications precedentes. 
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dans iaquelle ledit poiyamino-acide est la polyiysine. , 

7 Une microcapsule telle que revendiquee dans I'une quelconque des revendications precedentes, 
dans iaquelle ladite matiere polymere chargee negativement est un polysaccharide. I alcool polyv.nyhque 

5 ° U aljnemte^ telle que revendiquee dans la revendication 7, dans Iaquelle ledit polysaccharide 

eStU 9 Un Droide decapsulation d'une matiere de noyau avec une membrane semi-permeable pour 
former des microcapsules ayant un diametre de 50 a 2000 micrometres ce precede comprenant les topes 
wMe?(a) on place la matiere dans une solution aqueuse d'une substance po ymere hydrosoluble qui 

10 urt eta g«lififa de facon reversible et qui a des groupes acides libres; (b) on met la solution sous forme de 
qouttelettes- (c) on gelrfie les gouttelettes pour produire des capsules temporaires separees les unes des 
l«Tin2Srt leur forme; (d) on forme des membranes semi-permeables autour des capsules 
temporaires par mise en contact de celles-ci avec un polymere cat.on.que contenant des groupes ammo 
libres pour provoquer une reaction ionique avec les groupes acides dans une couche de surface de la 

is capsule, et <e) on met en contact les microcapsules formees dans I'etape (d avec une matiere polymere 
anionique biocompatible qui contient des groupes libres charges negativement capables de reag.r 
ioniquement avec les groupes amino libres dans une couche de surface de la microcapsule, caracter.se en 
ce que ledit polymere anionique forme sur les microcapsules un revetement externe ayant une surface 
externe chargee negativement et en ce que la membrane est un hydrogel ayant une teneur totale en eau a 

zo I'interieur de la structure de la membrane d'au moins 20% en poids et en ce que le contact avec le polymere 
cationique est suffisant pour former une membrane qui a une epa.sseur de 5 a 20 micrometres et qui 
resiste a la degradation et qui demeure permeable in vivo pendant au moms deux mois. 

10 Precede tel que revendique dans la revendication 9, dans lequel la matiere de noyau comprend un 
tissu vivant ou des cellules individuelles de celui-ci sous forme d'une suspension finement divisee dans 

25 ladite solution aqueuse de I'etape (a). . 

11 Un precede tel que revendique dans la revendication 10, dans lequel ledit tissu vivant comprend 
des tlots de Langerhans, ce qui fait que les microcapsules produftes par le precede peuvent etre utiltsees 
pour regler les teneurs en sucre du sang dans des corps animaux diabetiques dans lesquels elles sont 

3 o 1mPl ? 2*1^1 "proedde tel que revendique dans I'une quelconque des revendications 9 a 1 1, dans lequel ladite 
substance polymere hydrosoluble gelifiable de facon reversible est une gomme de polysaccharide. 

13. Un procede tel que revendique dans la revendication 12, dans lequel ladite gomme est un alginate 

de ™***£™^ M te , que ^vendique dans I'une quelconque des revendications 9 a 13, dans lequel ledit 
Dolvmere cationique a un poids moleculaire de 11 000 a 400 000 daltons. 

15. Un procede tel que revendique dans la revendication 14, dans lequel ledit polymere cationique a un 
poids moleculaire de 11 000 a 100 000 daltons. . 

16. Un procede tel que revendique dans I'une quelconque des revendications 9 a 15, dans lequel ledit 
polymere cationique est la polyiysine. . , 

17 Un procede tel que revendique dans Tune quelconque des revendications 9 a 16, dans lequel ladite 
matiere polymere anionique biocompatible comprend une gomme de polysaccharide contenant des 

qroupes acides libres. . , . 

18. Un procede tel que revendique dans la revendication 17, dans lequel ladite gomme de 
polysaccharide est Talginate de sodium. _ . i • j-* 

19 Un procede tel que revendique dans I'une quelconque des revendications 9 a 16, dans lequel ladite 
matiere polymere anionique biocompatible est un alcool polyvinylique ayant des groupes hydroxyle libres 
ou un acide polylactique contenant des groupes acides libres. „+ mn . , , , ^ 

20 Un procede tel que revendique dans I'une quelconque des revendications 9 a 18, dans lequel ladite 
substance hydrosoluble gelifiable de facon reversible comprend ('alginate de sodium, ledit polymere 
cationique comprend la polyiysine et ledit polymere anionique comprend ('alginate de sodium. 

21. Un procede tel que revendique dans I'une quelconque des revendications 9 a 18 et 20, dans lequel 
ladite substance hydrosoluble gelifiable de fagon reversible est I'alginate de sodium et la viscosite de a 
solution aqueuse d'alginate de sodium utilises dans I'etape (a) est au moins suffisante pour provoquer la 
formation de capsules temporaires sensiblement spheriques. 
55 22. Un procide tel que revendique dans la revendication 21, dans lequel ladite solution aqueuse 
d'alginate de sodium a une viscosite d'au moins 30 mPa.s. 

23 Un proc6d§ tel que revendique dans I'une quelconque des revendications 9 a 22, incluant I etape 
supplemental consistant a reliquefier le gel a I'interieur de la membrane semi-permeable a la suite de 
I'etape (e). 
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